Two new steroidal alkaloid saponins, solanigrosides Q and R (1 and 2), together with four known compounds khasianine (3), solamargine (4), solasonine (5), and soladulcoside A (6) were isolated from the whole plants of Solanum nigrum. The structures of new compounds (1 and 2) were determined by interpretation of HR-ESI-MS, 1D and 2D NMR spectra, and chemical transformation. Compound 4 exhibited potent cytotoxic activity against MDA-MB-231, A549, Hep3B, PC3 human cancer cell lines with IC 50 values of 1.86 ± 0.45, 2.24 ± 0.15, 0.78 ± 0.11, 5.13 ± 1.34 μM, respectively.
Solanum nigrum (Solanaceae family) is native to Eurasia and spreads to the Americas, Australasia, South Africa. It is known as a common weed in temperate, subtropical, and tropical climate regions [1] . The whole plant of S. nirgum has been used in oriental medicine to cure cancer, inflammation, cough, and hepatic damage [2] . Phytochemical investigations indicated that S. nigrum contains phenolic compounds, polysaccharides, and huge diversity of steroids and steroidal alkaloids [3] [4] [5] . Various type of steroidal sapogenins were identified from S. nigrum, including spirosolane, solanidane, spirostane, cholestane, and pregnane [6] [7] . The presence of steroids and steroidal alkaloids are believed to explain pharmacological effects of S. nigrum extracts. In an effort to find new steroids from S. nigrum, herein, we report the isolation a pregnane-type and a spirosolane-type steroidal alkaloid saponins. The structures of isolated compounds were elucidated by analysis of HR-ESI-MS, NMR spectral data, and acid hydrolysis.
Compound 1, white amorphous powder, had molecular formula C 45 H 73 O 18 N as deduced by a quasi-molecular ion peak at m/z 916.4913 [M+H] + (calcd for C 45 H 74 O 18 N, 916.4906) in the HR-ESI-MS and in agreement with 13 C NMR data. Analysis of 1 H NMR and HSQC spectra of 1 revealed signals, including three anomeric protons at δ H 5.23 (1H, br s), 4.51 (1H, d, J = 7.5 Hz), and 4.50 (1H, d, J = 7.5 Hz), an olefinic proton at δ H 5.41 (1H, br d, J = 4.5 Hz), four methyl groups at δ H 1.26 (3H, d, J = 6.5 Hz), 1.07 (3H, d, J = 6.5 Hz), 1.09 (3H, s), and 0.82 (3H, s), and other aliphatic proton signals at δ H 1.10-2.49. The appearance of two singlet methyl groups, a lot of deshielded aliphatic protons, and anomeric protons suggested compound 1 to be a steroidal alkaloid saponin [8] [9] [10] . The 13 C NMR spectrum of 1 contained signals corresponding to 45 carbons which were sorted by DEPT spectra into 4 non-protonated carbons, 25 methines, 4 methylenes, and 4 methyl groups. Among them, two olefinic carbons at δ C 142.0 and 122.6 indicated the presence of a C-C double bond. Thus, 10 degrees of unsaturation from molecular of 1 corresponded to one double bond, three sugar units, and a hexacyclic sterol moiety. Additionally, the presence of a nitrogen atom in compound 1 and a non-protonated carbon signal at δ C 99.9 suggested for a structure of spirosolane alkaloid, an abundant compound class in Solanum genus [8] [9] [10] . The assignments of methyl groups (C-21 and C-18) were then elucidated by HMBC correlations between H-21 (δ H 1.07) and C-22 (δ C 99.9)/ C-20 (δ C 43.5)/ C-17 (δ C 63.5), H-18 (δ H 0.82) and C-17. The HMBC correlation from H-18 (δ H 0.82) to methine C-12 (δ C 80.3) and chemical shift value of C-12 indicated the presence of a hydroxy group at C-12. Moreover, chemical shift value of C-12 also suggested a β-orientation of hydroxy group which was well consisted with the literature (β 12-OH : δ C-12 77.8~79.0 [11] and α 12-OH : δ C-12 71.4~71.7 [12] ). Another singlet methyl signal was assigned to C-19 (δ H 1.09 and δ C 19.8). HMBC correlation between H-19 (δ H 1.09) and olefinic C-5 (δ C 142.0), COSY cross peak of olefinic H-6 (δ H 5.41)/ H-7 (δ H 2.07 and 1.54) supported for the location of C-C double bond at C-5/C-6. An oxygenated methylene carbon at δ C 66.5, and HMBC correlations between geminal protons (H-27, δ H 3.36 and 3.41) and C-24 (δ C 25.5)/ C-26 (δ C 43.9) confirmed the presence of a hydroxymethylene group at C-25. An equatorial orientation of this hydroxymethylene group was also indicated by axial-axial coupled protons between H-25ax and H-26ax (J = 11.5 Hz). Acid hydrolysis resulted sapogenin 12β,27-dihydroxysolasodine (1a) which was confirmed by comparison its NMR data with that reported in the literature [13] . After acid hydrolysis, the monosaccharides in the sugar portion were transformed to NPC Natural Product Communications their trimethylsilylimidazole derivatives, following by GC analysis to confirm the presence of D-glucose, D-galactose, and L-rhamnose monosaccharides [14] . The linkages of sugar residues were elucidated from the HMBC correlations between Glc H-1‴ (δ H 4.50) and Gal C-3′ (δ C 85.6), Rha H-1″ (δ H 5.23) and Gal C-2′ (δ C 75.6), Gal H-1′ (δ H 4.51) and C-3 (δ C 78.9). Consequently, compound 1 was determined to be 12β,27
, and named as solanigroside Q. [16] ). Sugar moiety of compound 2 was recognized similar with compound 1 except the loss of glucopyranosyl group. Specifically, a galactopyranosyl group was characterized by a broad singlet signal of Gal H-4′ at δ H 4.74 meanwhile a rhamnopyranosyl group was deduced by a broad singlet signal of anomeric proton Rha H-1″ at δ H 6.26 and a doublet methyl Rha H-6″ at δ H 1.66 (J = 6.0 Hz). Acid hydrolysis of 1 followed by GC analysis was further confirmed the presence of D-galactose and L-rhamnose [14] . The HMBC correlations between Rha H-1″ (δ H 6.26) and Gal C-2′ (δ C 76. Other compounds were determined to be khasianine (3) [17] , solamargine (4) [18] , solasonine (5) [18] , and soladulcoside A (6) [15] by comparison their NMR spectral data with that reported in the literature. Compounds 1-6 and sapogenin 1a were evaluated cytotoxic effects against four human cancer cell lines, including A549, MDA-MB-231, Hep3B, and PC3. Each compound was screened at two concentrations of 30 and 100 μM, using MTT assay [19] . With the exception of compound 4, the isolated compounds exhibited weak cytotoxic effects in our experiments. At a Steroidal saponins from Solanum nigrum Natural Product Communications Vol. 13 (11) 2018 1459 concentration of 30 μM, these compounds inhibited cell growth in the range of 8.9±1.1 to 55.6±2.8% (Table 3) . Cytotoxic activities were not significant difference between the compound 1 and its sapogenin 1a. Compound 4 exhibited great cytotoxic activity and was applied for dose-dependent studies. Its IC 50 values were 1.86 ± 0.45, 2.24 ± 0.15, 0.78 ± 0.11, 5.13 ± 1.34 μM against MDA-MB-231, A549, Hep3B, PC3 human cancer cell lines, respectively, similar to those of positive control camptothecin used in our experiments (IC 50 values of 2.5 ± 0.32, 1.35 ± 0.11, 0.57 ± 0.17, 11.4 ± 1.32 μM).
Experimental
General: Optical rotations: Jasco P2000 polarimeter; NMR spectra: Bruker 500 MHz spectrometer. HR-ESI-MS: Agilent 6530 Accurate Mass Q-TOF and LTQ Orbitrap XL TM mass spectrometry. heated to 80 o C in a water bath for 3 h. The acidic solution was neutralized with silver carbonate and the solvent thoroughly driven out under N 2 gas overnight. After that, reaction mixture was extracted with chloroform. Sapogenin in the organic layer was purified by preparative TLC (chloroform/methanol/water, 4/1/0.1, v/v/v) to give compound 1a (2.5 mg). The aqueous layer was concentrated to dryness using N 2 gas. The residue was dissolved in 0.1 mL of dry pyridine, and then L-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 mL) was added to the solution. The reaction mixture was heated at 60 o C for 2 h, and 0.1 mL of trimethylsilylimidazole solution was added, followed by heating at 60 o C for additional 1.5 h. The dried product was partitioned with n-hexane and H 2 O (0.1 mL, each), and the organic layer was analyzed by gas chromatography ( Cytotoxic assay: Four human cancer cell lines, including A549 (lung carcinoma), MDA-MB-231 (breast adenocarcinoma), Hep3B (hepatocellular carcinoma), and PC3 (prostate carcinoma) were obtained from Kangwon National University, Korea, and used for cytotoxic evaluation. Cells were maintained and cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 µg/mL streptomycin at 37°C in a humidified atmosphere (95% air and 5% CO 2 ). The cells (2×10 5 cells/well) were incubated with/without compounds (0-100 μM) for three days in 96-well culture plate. After that, 50 μL of MTT solution (2 mg/mL) was added to each well and the cells were then incubated for additional 4 h. Culture medium was carefully aspirated and 150 μL of isopropanol was added to dissolve formazan crystals. Optical density was read immediately at 570 nm using a microplate reader (BioRad, USA). Experiments were performed in triplicate. The results are expressed as percentage of cell death in the present of compounds. Dose-response curves were generated to determine IC 50 values. Camptothecin was used as a positive control throughout experiments.
Supplementary data: The structures of known compounds, HR-ESI-MS and NMR spectra of compounds 1-6, 1a can be found in the online version.
